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Figure 1. Transmission electron micrograph 
of kaolin amorphous derivative, showing 
aggregates of submicron particles and high 
mesoporosity between the particles. 
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Conclusions: 
•Materials derived from kaolin can efficiently remove ammonium from wastewater. 
•Nitrogen loaded onto KAD exchange sites in the form of ammonium is readily available 
to plants. 
•At all N application rates, ammonium-loaded KAD produced significantly higher plant 
mass than for NH4SO4. 
•Of the two KAD types, the material with lower cation exchange capacity supported 
slightly higher plant yields. 
•The KAD materials did not show any adverse effect on availability of trace elements, as 
evidenced by lack of deficiency symptoms and plant analysis. 
•These data suggest that KAD-based fertilisers may be suitable substitutes for water 
soluble N, K and other cationic fertilisers for leaching soils. 
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Introduction 
Sandy soils have low nutrient holding capacity and high water conductivity. 
Consequently, nutrients applied as highly soluble chemical fertilisers are prone to 
leaching. Amorphous derivatives of kaolin are novel materials with high cation exchange 
capacity (Table 1) and mesoporosity (Figure 1). These materials can be saturated with 
cationic nutrients such as NH4+ and utilised as controlled release fertilisers in such 
environments. Alternatively, nutrients can be scavenged from wastewaters using these 
materials and released in soil environments.  
Kaolin amorphous derivatives (KAD) can be produced from kaolin, an abundant clay 
mineral, using facile chemical processes1. KAD, also known in Australia by the name 
MesoLite, is currently being tested to sequester ammonium from digester effluent in 
sewage treatment plants in a commercial environment2. Up to 7% N can be loaded onto 
KAD by contacting it with high-ammonia concentration digester side stream wastewater 
from sewerage treatment plants.  
Aims: 
• Test availability of nitrogen held on exchange sites of KAD. 
• Compare the efficiency of KAD as a N fertiliser with soluble fertilisers.   
Methods and Materials 
KAD materials with CEC of 494 and 233 meq/100g were manufactured from kaolin 
as described by a patented process1. These materials have been used to remove 
ammonium from the digester side stream at the Oxley Creek WWTP in Brisbane, 
Australia (Figure 2)2.  
KAD materials partially and fully saturated with ammonium have been evaluated as a 
nitrogen fertiliser. Rye grass was grown in 1kg pots in a glass-house. Nitrogen was 
applied at a number of rates (Table 1) using (NH4)2SO4 and two KAD materials 
carrying 7% and 3% nitrogen, respectively (Table 1).  
All other nutrients were applied in adequate amounts. All treatments were replicated 
three times. Plants were harvested after six weeks.  Dry mass and N concentrations 
were determined by standard methods. 
Table 1 Application rate and characteristics of KAD materials.
CEC
meq/100g
N content
(%) Application rate (mgN/kg)
KAD-1 494 6.92 4.7 9.4 18.8 37.5 75 150
KAD-2 233 3.26 4.7 9.4 18.8 37.5 75 150
NH4SO4 - 21.2 6.2 12.5 25 50 100
Primary 
Settling 
Tanks 
Bioreactor 
Final 
Settling 
Tanks 
Side 
Stream 
Treatment 
Dewatering Digestor 
Effluent 
Cake 
Influent 
Waste Activated Sludge 
Raw Sludge 
Supernatant Filtrate or Centrate 
Figure 2. Schematic diagram showing outline of 
a typical wastewater treatment plant. KAD is 
being trialled to remove ammonium from the 
side stream (green box) carrying N rich 
(1000ppm) water  back to the influent line.  
Figure 3 (right): Photographs of pots fertilised 
with various levels of nitrogen through 
ammonium sulphate, KAD-1 and KAD-2. Note 
that the application rate for ammonium sulphate is 
30% higher than for corresponding pots fertilised 
by ammonium-loaded KAD. 
Figure 4 (left): A plot of plant mass 
against nitrogen application rate. 
The KAD based fertilisers 
consistently show higher plant 
mass at all levels of N application 
rate. 
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Figure 5 (right): A plot of plant nitrogen 
content against nitrogen application rate. 
Plants fertilised by KAD based N fertilisers 
consistently show higher levels of N.  0  9.4  18.8  37.5  75 
N mg/kg 
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